A convergent total synthesis of the 12 membered macrolide, Balticolid (1) is described, starting from readily available homoallylic alcohol and 1,3 propane diol. The synthetic strategy involves the construction of the 12-membered lactone.
TBSCl in the presence of Imidazole in DCM afforded the TBS ether 20 in 92% yield. Debenzylation of compound 20 using DDQ in DCM/H 2 O (19:1) gave the primary alcohol 21 in 86% yield. Sequential oxidation of alcohol 21 using IBX gave the aldehyde, which was further oxidized to acid 4 using Pinnick oxidation conditions {NaClO 2 , NaH 2 PO 4 , 2-methyl-2-butene, t BuOH/H 2 O (9:1)} in 92% yield (for two steps) [16] (Scheme 3).
Scheme 4: Synthesis of Balticolid (1) .
Next, we attempted the condensation of key fragments 3 and 4 to complete the synthesis of balticolid. Thus, the condensation of acid 4 with alcohol 3 using Yamaguchi (2,4,6-trichlorobenzoyl chloride) reagent [17] and DMAP gave the ester 2 in 82% yield. Compound 2 was subjected to RCM protocol using 10 mol% Hoveyda-Grubbs [18] second generation catalyst (10 mol%) 22 in degassed toluene to provide lactone 23 in 75% yield with a diastereomeric ratio (E/Z ratio) of 8:2. The major E-isomer was separated by column chromatography and used in the next step. Deprotection of PMB ether 23 with DDQ in DCM at room temperature furnished the alcohol 24 in 84% yield. Oxidation of 24 with DMP in DCM afforded ketone 25 in 91% yield, which was then treated with 2N HCl in THF at room temperature for 30 min to afford the target molecule, Balticolid (1) in 72% yield (Scheme 4). The spectroscopic data of the synthetic compound was consistent with the natural product [7] . Thus, we confirmed the major product 23 as an E-isomer.
In conclusion, we have accomplished the total synthesis of Balticolid with a convergent approach. The key steps involved in this synthesis are Sharpless asymmetric epoxidation, Jacobsen's hydrolytic kinetic resolution, Yamaguchi esterification, and RCM reactions.
Experimental
General: Solvents were dried over standard drying agents and were freshly distilled prior to use. The reagents were purchased from Aldrich and Acros and were used without further purification, unless otherwise stated. All moisture-sensitive reactions were carried out under N 2 . Organic solutions were dried over anhydrous Na 2 SO 4 and concentrated in vacuo below 40ºC. All column chromatographic (CC) separations were performed using silica gel (60-120 mesh and 100-200 mesh). 1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were measured with a Bruker Avance 300 instrument with TMS as internal standard in CDCl 3 and CD 3 OD, J values are given in Hz. IR spectra were recorded on a Perkin-Elmer IR-683 spectrophotometer with KBr discs. Optical rotations were measured with a Horiba high sensitive polarimeter SEPA-300 at 25ºC. Mass spectra were recorded on Agilent Technologies 1100 Series (Agilent Chemistation Software) in m/z. (7): A mixture of (S,S)-(−)-N,N′bis(3,5-di-tert-butylsalicylidine)-1,2-cyclohexanediaminocobalt-II (254 mg, 0.421 mmol) and acetic acid (0.043 mL, 0.758 mmol) in toluene (5 mL) was stirred under open air for 1 h at room temperature. The solvent was removed under reduced pressure and the resulting brown residue dried under high vacuum. The epoxide (15.0 g, 84.2 mmol) was added in one portion and the mixture was cooled in an ice bath. To this solution, water (0.834 mL, 834 mmol) was slowly added and the temperature was maintained below 10ºC. After addition, the ice bath was removed and the mixture was stirred for 16 h. The crude mixture was purified by CC (4% EtOAc/n-hexane) to afford the chiral epoxide 7 (7.0 g, 47% yield) as a liquid.
(S)-2-(2-(Benzyloxy)ethyl)oxirane
[α] D 25 : -16.3 (c 3, CHCl 3 ). IR (KBr): 3470, 3015, 2923, 2864, 2402, 1725, 1496, 1455, 1362, 1217, 1102, 1028, 910, 831, 766 3, 127.5, 72.9, 66.9, 49.9, 46.9, 32.8. HRMS(ESI) 
(R)-4-(Benzyloxy)butan-2-ol (8):
To a cooled suspension of LAH (1.6 g, 44.8mmol) in anhydrous THF (50 mL) was added drop wise a solution of (S)-epoxide 7 (4.0 g, 22.4 mmol) in THF (30 mL) at 0°C. The mixture was stirred at room temperature for 1 h and then cooled again to 0°C. To this mixture sat. sodium sulfate solution (6.0 mL) was added and stirred for another 3 h and the mixture was filtered through celite. The filtrate was concentrated in vacuo and the residue was purified by CC (6%EtOAc/n-hexane) to afford the secondary alcohol 8 (3.7g, 92% yield) as a liquid.
[α] D 25 : +38.1 (c 1, CHCl 3 ). IR (KBr): 3407, 3030, 2966, 2864, 1454, 1368, 1098, 1027, 891, 864, 745, 702 3, 127.6, 127.5, 73.1, 68.9, 67.3, 38.1, 23 
(R)-(4-(Benzyloxy)butan-2-yloxy)(tert-butyl)dimethylsilane (9):
To a cooled solution of secondary alcohol 8 (3.5 g, 19.4 mmol) and Imidazole (2.6 g, 38.8 mmol) in anhydrous CH 2 Cl 2 (50 mL) was added a solution of TBDMSCl (4.5 g, 29.1 mmol) in anhydrous CH 2 Cl 2 (50 mL). The mixture was stirred at room temperature for 4 h, then diluted with water (50 mL) and extracted with diethylether (3x60 mL). The combined organic extracts were washed with brine solution (50 mL), dried over anhydrous Na 2 SO 4 and concentrated in vacuo. The resulting residue was purified by CC (2% EtOAc /nhexane) to give the TBS ether 9 (5.42 g, 95% yield) ) as a liquid.
[α] D 25 : -15.5 (c 0.5, CHCl 3 ). IR (KBr): 2930, 2857, 1252, 1110, 1047, 835, 773, 697 5, 128.3, 127.6, 127.4, 72.9, 67.2, 65.6, 39.5, 25.8, 24.1, 18.0, , 317 [M+Na] + .
(R)-3-(tert-Butyldimethylsilyloxy)butan-1-ol (10):
To a solution of compound 9 (5.0 g, 7.3 mmol) in 20 mL of EtOAc, 50 mg of 10% Pd/C was added. The mixture was stirred under a hydrogen atmosphere at 40 psi at room temperature for 10 h. Removal of the solvent under reduced pressure and purification by silica gel CC (20% EtOAc/n-hexane) afforded compound 10 (3.2 g, 90% yield) as a liquid.
[α] D 25 : -23.9 (c 0.5, CHCl 3 ). IR (KBr): 3382, 2956, 2931, 2857, 1253, 1140, 1098, 1028 3, 60.4, 40.3, 25.7, 23.3, 17.9, -4.3, -4 
(R,E)-Ethyl 5-(tert-butyldimethylsilyloxy)hex-2-enoate (11):
To a stirred solution of IBX (6.17 g, 22 .0 mmol) in dry DMSO (20 mL), a solution of alcohol 9 (3.0 g, 14.7 mmol) in CH 2 Cl 2 (30 mL) was added at 0 o C. After completion as indicated by TLC, the mixture was filtered through a small celite pad and washed with water (30 mL) and then extracted with diethylether (3x30 mL). The combined organic layers were dried over anhydrous Na 2 SO 4 , concentrated in vacuo and then purified by CC (15% EtOAc/n-hexane) to afford the aldehyde as a colorless liquid.
To a suspension of carbethoxymethylene)triphenylphosphorane (7.6 g, 22. 0 mmol) in 100 mL CH 2 Cl 2 was added the aldehyde and stirred for 2 h at room temperature and then quenched with water and extracted with CH 2 Cl 2 (3x100 mL). The combined organic layers were washed with water, followed by brine solution, dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica gel CC (10% EtOAc/n-hexane) to give the product as a yellow oil (11) (4 g, 85% yield, over two steps).
[α] D 25 : -9.5 (c 0.5, CHCl 3 ). IR (KBr): 2929, 2856, 1722, 1655, 1465, 1259, 1174 , 1044 cm -1 1 H NMR (300 MHz, CDCl 3 ): δ 7.02-6.90 (1H, m, CHCHCO), 5.83 (1H, d, J = 15.6 Hz, CHCHCH 2 ), 4.19 (2H, q, J = 7.1 Hz, CH 2 CH 3 ), 3.82-3.72 (1H, m, CHOSi), 2.39-2.24 (2H, m,CH 2 CH=CH), 1.29 (3H, d, J = 7.1 Hz, CH 3 CHO), 1.12 (3H, t, J = 6.7 Hz, CH 3 CH 2 O), 0.88 (9H, s, (CH 3 ) 3 CSiO), 0.04 (6H, s, (CH 3 ) 2 SiO). 13 C NMR (75 MHz, CDCl 3 ): δ 131. 1, 129.7, 68.3, 63.7, 42.4, 25.8, 23.4, 18.1, -4.5, -4 
(R,E)-5-(tert-Butyldimethylsilyloxy)hex-2-en-1-ol (12):
To a cooled solution of 11 (3.0 g, 11 mmol) in dry CH 2 Cl 2 (40 mL), DIBAL-H (13.7 mL, 22 mmol, 1.6 M in toluene) was added slowly for 15 min and stirred for 1 h at 0 o C. After completion, the reaction was quenched with methanol (3 mL) and sodium potassium tartrate solution (100 mL). The mixture was passed through a short pad of celite. The filtrate was concentrated and purified by CC (20% EtOAc/n-hexane) to furnish the allylic alcohol 12 (2.2 g, 90% yield) as a liquid. 1, 129.7, 68.3, 63.7, 42.4, 25.8, 23.4, 18.1, -4.5, -4 
(R,E)-8-(tert-Butyldimethylsilyloxy)nona-1,5-dien-4-ol (13):
To a stirred solution of IBX (2.7 g, 9.7 mmol) in dry DMSO (10 mL), alcohol 11 (1.5 g, 6.5 mmol) in CH 2 Cl 2 (20 mL) was added at 0 o C. After completion of the reaction, as indicated by TLC, the mixture was filtered through a small celite pad and washed with water (30 mL) and then extracted with diethylether (3x30 mL). The combined organic layers were dried over anhydrous Na 2 SO 4 , concentrated in vacuo and then purified by CC (14% EtOAc/n-hexane) to afford the aldehyde as a colorless liquid.
To a solution of the aldehyde (1.5 g, 6.5 mmol) in anhydrous THF (30 mL) were added Zinc (1.2 g, 19.5 mmol) and a catalytic amount of Iodine (50 mg). The mixture was stirred for 30 min at 0 o C, and then Allyl bromide (1.1 mL 13.0 mmol) was added dropwise over a period of 15 min. After 4 h of stirring at room temperature, the mixture was quenched with sat. NH 4 Cl solution, filtered through a small pad of celite and the residue washed with EtOAc (2x20 mL). The combined organic layers were dried over anhydrous Na 2 SO 4 , the solvent evaporated under reduced pressure, and the residue purified by silica gel CC (18% EtOAc/n-hexane) to afford the allylic alcohol 13 (1.4 g, 84% yield, over 2 steps) ) as a liquid.
[α] D 25 : -3.2 (c 0.4, CHCl 3 ). IR (neat): 3423, 2930, 2858, 1639, 1466, 1253, 1131, 1088 3, 134.1, 128.7, 128.6, 118.1, 118.0, 71.8, 71.6, 68.4, 68.3, 42.5, 41.9, 25.8, 25.6, 23.4, 18.1, -4.5, -4.7 . ESI-MS m/z: 293 ([M+Na] + ).
(R,E)-tert-Butyl(6-(4-methoxybenzyloxy)nona-4,8-dien-2yloxy)dimethylsilane (14):
To a cooled suspension of NaH (177 mg, 7.40 mmol, 60%, w/w, dispersion in paraffin oil) in THF (20 mL) was added dropwise to a solution of alcohol 13 (1.0 g, 3.7 mmol) in THF (15 mL). After 15 min, p-methoxybenzylchloride (0.50 mL, 3.7 mmol) was added dropwise at 0 o C and the mixture was allowed to stir for 6 h at room temperature. On completion, the mixture was quenched with a sat. NH 4 Cl solution (10 mL) and extracted with EtOAc (2×20 mL). The combined organic layers were washed with water (50 mL) followed by brine solution (50 mL), dried over Na 2 SO 4 and concentrated in vacuo. The crude product was purified by CC (10% EtOAc/n-hexane) to afford the compound 14 (1.2 g, 90% yield ) as a liquid.
[α] 25 D : - 134.9, 132.4, 130.9, 130.7, 130.6, 129.1, 116.5, 113.6, 79.3, 69.4, 68.4, 55.2, 42.6, 42.5, 40.3, 25.8, 23.3, 18.1, -4.4, -4 
(R,E)-6-(4-Methoxybenzyloxy)nona-4,8-dien-2-ol (3):
To a solution of 14 (1.0 g, 25.6 mmol) in THF (10 mL) at 0 o C, was added TBAF (5.1 mL, 1M solution in THF). After stirring for 3 h at room temperature, the mixture was diluted with EtOAc, washed with H 2 O (10 mL) followed by brine solution (10 mL), dried over Na 2 SO 4 and concentrated under reduced pressure. The residue was purified by silica gel CC (10% EtOAc/n-hexane) to give compound 3 (700 mg, 92% yield) as a liquid.
[α] 25 D : -1.3 (c 0.55, CHCl 3 ). IR (KBr): 3426, 2967, 1613, 1512, 1246, 1071, 974, 820, 770, 698 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): δ 7.29-7.21 (2H, m, ArH), 6.90-6.83 (2H, m, ArH), 5.83-5.70 (1H, m, CHCH 2 ), 5.68-5.55 (1H, m, CHCH ), 5.53-5.40 (1H, m, CHCH ), 5.10-4.98 (2H, m, CH 2 CH), 4.49 (1H, d, J = 11.9 Hz, CHAr ), 4.30 (1H, d, J = 11.9 Hz, CHAr), 3.81-3.76 (5H, m, CHOAr, CHOH, CH 3 OAr), 2.46-2.35 (1H, m, CH 2 CHOH), 2.31-2.10 (3H, m, CH 2 CHOH, CH 2 CHOAr ), 1.19 (3H, d, J = 5.9 Hz, CH 3 CHOH). 13 C NMR (75 MHz, CDCl 3 ): δ 158.9, 134. 8, 134.7, 134.1, 133.8, 130.5, 129.8, 129.4, 129.1, 116.9, 113.6, 78.9, 78.8, 69.5, 66.8, 55.1, 42.1, 41.9, 40.2, 40.1, 22.7, 22.6 
3-(Benzyloxy)propan-1-ol (15):
To a cooled suspension of NaH (2.84 g, 118.0 mmol, 60%, w/w, dispersion in paraffin oil) in THF (50 mL) was added dropwise a solution of 1,3-propanediol (6.0 g, 78.9 mmol) in THF (50 mL). After 15 min, benzyl bromide (9.4 mL, 78.9 mmol) was added dropwise at 0 o C and the mixture was allowed to stir for 6 h at room temperature. On completion the reaction mixture was quenched with a sat. NH 4 Cl solution (50 mL) and extracted with EtOAc (2x200 mL). The combined organic layers were washed with water (150 mL) followed by brine solution (150 mL), dried over Na 2 SO 4 and concentrated in vacuo. The crude product was purified by CC (30% EtOAc/n-hexane) to afford compound 15 (11.6 g, 89% yield) ) as a liquid. IR (neat): υ 3397, 2940, 2865, 1452, 1364, 1276, 1102, 1065, 956, Hz, CH 2 OCH 2 ), 1.92-1.82 (2H, m, CH 2 CH 2 OH). 13 C NMR (75 MHz, CDCl 3 ): δ 138. 1, 130.9, 128.8, 128.2, 127.5, 127.4, 72.7, 69.4, 63.2, 32.4 . ESI-MS: m/z=189 ([M+Na] + ).
(E)-Ethyl 5-(benzyloxy)pent-2-enoate (16):
To a solution of alcohol 15 (10.0 g, 60.2 mmol) in DCM (50 mL) was added a suspension of PCC (19.4 g, 90.3 mmol) in CH 2 Cl 2 (100 mL) at 0 o C. The resulting mixture was stirred at room temperature until complete consumption of the starting material. The reaction was diluted with diethylether (150 mL) and filtered through a small pad of celite (with diethylether rinsing). The solvent was removed under reduced pressure at room temperature. The product was used without purification for the next step.
To a solution of (carboethoxymethylene)triphenylphosphorane (22.9 g, 65.8 mmol) in benzene (100 ml), was added the aldehyde (9.0 g, 54.8 mmol) under reflux and the mixture was stirred for 2 h under the same conditions. The solvent was evaporated under reduced pressure and the product was purified by CC to afford the pure ester 16 (10.7 g, 85% yield) as a liquid. IR (neat): υ 2859, 1718, 1655, 1267, 1176, 1099, 1043, 979, 739 , 699 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): δ 7.39-7.24 (5H, m ArH), 7.04-6.92 (1H, m, CHCO), 5.89 (1H, td, J = 3.02, 1.5 Hz, CHCH 2 CH 2 ), 4.52 (2H, s, CH 2 Ar), 4.18 (2H, ABq, J = 14.3, 6.7 Hz, CH 2 CH 3 ), 3.58 (2H, t, J = 6.0 Hz, CH 2 OCH 2 ), 2.51 (2H, qd, J = 6.0, 1.5 Hz, CH 2 CHCH), 1.28 (3H, t, J = 6.7 Hz, CH 3 CH 2 O). 13 
(E)-5-(Benzyloxy)pent-2-en-1-ol (17):
To a cooled solution of 16 (9.0 g, 38.4 mmol) in dry CH 2 Cl 2 (100 mL), DIBAL-H (48.0 mL, 8.00 mmol, 1.6 M in toluene) was added slowly for 15 min and stirred for 2 h at 0 o C. The reaction was quenched with methanol (10 mL) and sodium potassium tartrate solution (200 mL). The mixture was passed through a short pad of celite. The filtrate was concentrated and the residue purified by CC (20% EtOAc/n-hexane) to furnish the allylic alcohol 17 (6.57 g, 90% yield) ) as a liquid. IR (KBr): 3387, 3030, 2859, 1453, 1362, 1096, 971, 739, 698 Natural Product Communications Vol. 12 (4) 2017 591 13 C NMR (75 MHz, CDCl 3 ): δ 138.0, 130.9, 128. 8, 128.2, 127.5, 127.4, 72.7, 69.4,63.2, 32.4 
((2R,3R)-3-(2-(Benzyloxy)ethyl)oxiran-2-yl)methanol (18):
A mixture of titanium isopropoxide (1.46 mL, 4.99 mmol), (-)-Diethyl-D-tartrate (1.28 mL, 6.24 mmol) and 8.0 g of activated 4Ǻ molecular sieves was stirred in 80 mL of anhydrous CH 2 Cl 2 at -30 o C for 30 min. To this mixture was added allyl alcohol 17 (8.0 g, 41.6 mmol) in CH 2 Cl 2 (50 mL) at -30 o C for 30 min. The resulting mixture was then treated with tert-butyl hydroperoxide (27.7 mL, 3.3 M in toluene) and stirred for 4 h at the same temperature. The mixture was filtered and the residue washed with CH 2 Cl 2 . The filtrate and washings were quenched with water (50 mL) and then stirred for another 30 min at 0 o C. To this mixture a solution of 20% NaOH (20 mL) was added then stirred at room temperature for 1 h. The combined organic layers were dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure and purified by flash CC (20% EtOAc in n-hexane) to afford the pure epoxide 18 (7.7 g, 90% yield) as a liquid.
[α] D 25 : +9.7 (c 0.55, CHCl 3 ). IR (KBr): 3402, 2926, 2869, 1277, 1206, 1097, 1027, 884, 748 128.2, 127.5, 72.9, 66.7, 61.6, 58.4, 53.7, 31.9 5-(Benzyloxy)pent-1-en-3-ol (19) : To a stirred solution of epoxy alcohol 18 (4.5 g, 21.6 mmol) in dry diethylether/acetonitrile (3:1, 40 mL) at 0 o C under a nitrogen atmosphere were added Imidazole (2.2 g, 32.4 mmol), Triphenylphosphine (8.4 g, 32.4 mmol) , and iodine (4.11 g, 32.4 mmol), successively. The mixture was stirred for 30 min at the same temperature, diluted with cold diethylether (100 mL), and filtered through a sintered funnel. The residue was washed with diethylether (3x50 mL) and concentrated in vacuo. Purification of the residue using silica gel CC (10% EtOAc/ n-hexane) afforded the iodo compound.
(R)-
The above prepared iodo compound was treated with zinc (3.7g, 57.3 mmol) and NaI (7.1g, 47.7 mmol) in refluxing MeOH (50 mL) for 6 h under a nitrogen atmosphere. The solution was filtered and the residue washed with MeOH (2x25 mL). The combined filtrates were concentrated and the residue dissolved in EtOAc (50 mL), washed with water (2x30 mL) followed by brine solution (1x20 mL), and then dried over anhydrous Na 2 SO 4 . Evaporation of the solvent followed by purification by silica gel CC (15% EtOAc/nhexane) furnished the alcohol 19 (3.1 g, 76% yield over 2 steps) as a liquid.
[α] D 25 : -3.6 (c 0.5, CHCl 3 ). IR (KBr): 3424, 3031, 2920, 2863, 1454, 1364, 1098, 740 
(R)-(5-Benzyloxy)pent-1-en-3-yloxy)(tert-butyl)dimethylsilane (20):
To a cooled solution of secondary alcohol 20 (3.0 g, 15.6 mmol) and Imidazole (2.1 g, 31.2 mol) in anhydrous CH 2 Cl 2 (50 mL) was added a solution of TBDMSCl (3.6 g, 23.4 mmol) in anhydrous CH 2 Cl 2 (30 mL). The mixture was stirred at room temperature for 4 h, and then diluted with water (50 mL) and extracted with diethylether (3x60 mL ). The combined organic extracts were washed with brine solution (50 mL) and dried over anhydrous Na 2 SO 4 . After removal of the solvent in vacuo, the residue was purified by CC (2% EtOAc/n-hexane) to give compound 20 (4.3 g, 92% yield) as a liquid.
[α] D 25 : -1.3 (c 0.5, CHCl 3 ). IR (KBr): 3030, 2953, 2857, 1643, 1464, 1361, 1253, 1092, 837, 776 cm -1 5, 138.5, 128.3, 127.6, 127.4, 113.6, 72.9, 70.7, 66.7, 38.1, 25.8, 18.1, -4.3, -4 (R)-3-(tert-Butyldimethylsilyloxy)pent-4-en-ol (21) : To a stirred solution of compound 20 (4.0 g, 13.0 mmol) in CH 2 Cl 2 /H 2 O (19:1) (40 mL) was added DDQ (2.9 g, 13.0 mmol) at 0 o C. The resulting mixture was allowed to stir at room temperature for 2 h. Upon completion the mixture was quenched with sat. NaHCO 3 solution (30 mL) and extracted with CH 2 Cl 2 (2x50 mL). The combined organic layers were washed with water (30 mL) followed by brine solution (50 mL), dried over Na 2 SO 4 , and concentrated in vacuo. The residue was purified by CC (10% EtOAc/n-hexane) to afford the alcohol 21 (2.4 g, 85% yield) as a colorless liquid.
[α] D 25 : +1.7 (c 0.5, CHCl 3 ). IR (KBr): 3363, 2954, 2858, 1645, 1467, 1254 , 1085 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): δ 5.93-5.79 (1H, m, CHCH 2 ), 5.23 (1H, dt, J = 17.1, 1.5 Hz, CH 2 CH), 5.11 (1H, dt, J = 10.3, 1.5 Hz, , CH 2 CH), 4.64-4.38 (1H, m, CHOSi), 3.92-3.67 (2H, m, CH 2 OH), 1.93-1.67 (2H, m, CH 2 CH 2 OH ), 0.90 (9H, s, (CH 3 ) 3 CSiO), 0.10 (3H, s, (CH 3 ) 2 SiO), 0.06 (3H, s, (CH 3 ) 2 SiO). 13 C NMR (75 MHz, CDCl 3 ): δ 140. 5, 114.3, 73.1, 59.9, 39.0, 25.7, 18.0, -4.4, -5. 
(R)-3-(tert-Butyldimethylsilyloxy)pent-4-enoic acid (4):
To a stirred solution of IBX (1.1 g, 4.16 mmol) in DMSO (5 mL) was added compound 21 (600 mg) in CH 2 Cl 2 (10 mL) at 0 o C. After completion of the reaction as indicated by TLC, the mixture was filtered through a small celite pad and washed with water (20 mL) and then extracted with diethylether (3x20 mL). The combined organic layers were dried over anhydrous Na 2 SO 4 , concentrated in vacuo and then purified by CC (5% EtOAc/n-hexane) to afford the aldehyde as a colorless liquid.
A mixture of the above aldehyde (500 mg, 2.3 mmol) and 2-methyl-2-butene (1.5 mL) in t BuOH (1.5 mL) was added to a freshly prepared mixture of NaClO 2 (927 mg, 10.2 mmol) and NaH 2 PO 4 592 Natural Product Communications Vol. 12 (4) 2017 Srilatha et al. (1.5 g, 10.2 mmol) in H 2 O at 0 o C. After being stirred at 0 o C for 6 h, the mixture was quenched with sat. NH 4 Cl solution and extracted with EtOAc. The extract was washed with brine solution, dried over Na 2 SO 4 , and concentrated in vacuo. The residue was purified by CC (20% EtOAc/n-hexane) to give the acid 4 (460 mg, 92% yield over two steps) as a liquid.
[α] D 25 : -2.3 (c 0.55, CHCl 3 ). IR (KBr): 3447, 2931 (KBr): 3447, , 2858 (KBr): 3447, , 1713 (KBr): 3447, , 1467 (KBr): 3447, ,1362 (KBr): 3447, , 1254 , 1087 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): δ 5.93-5.79 (1H, m, CHCH 2 ), 5.27 (1H, d, J = 16.9 Hz, CH 2 CH), 5.15 (1H, d, J = 10.3 Hz, CH 2 CH), m, CHOSi), 2.58 (2H, d, J = 5.8 Hz, CH 2 CHO), 0 .90 (9H, s, (CH 3 ) 3 CSiO), 0.10 (3H, s, (CH 3 ) 2 SiO), 0.08 (3H, s, (CH 3 ) 2 SiO). 13 C NMR (75 MHz, CDCl 3 ): δ 176. 3, 139.6, 115.0, 70.6, 43.2, 25.6, 18.0, -4.4, -5 
(R)-((R,E)-6-(4-methoxybenzyloxy)nona-4,8-dien-2-yl)3-(tertbutyldimethylsilyloxy)pent-4-enoate (2):
To a stirred solution of acid 4 (400 mg, 1.7 mmol) in dry THF (15 mL) were added 2,4,6trichlorobenzoyl chloride (0.324 mL, 2.0 mmol) and Et 3 N (1.2 mL, 8.6 mmol) and the mixture was stirred at ambient temperature. After forming the mixed anhydride as indicated by TLC, DMAP (422 mg, 3.4 mmol) and a solution of alcohol 3 (480 mg, 1.7 mmol) in THF (15 mL) were added and the resulting mixture was stirred for 4 h at rt. The reaction mixture was quenched with water and extracted with EtOAc (3x20 mL). The combined organic phases were washed with sat. NaHCO 3 (1x10 mL) solution followed by brine solution (1x20 mL) and then dried over Na 2 SO 4 . Removal of the solvent followed by purification by silica gel CC (10% EtOAc/n-hexane) afforded compound 2 (695 mg, 82% yield) as a liquid.
[α] D 25 : +3.8 (c 0.55, CHCl 3 ). IR(KBr) : 3076, 2928, 2856, 1735, 1612, 1581, 1513, 1371, 1249, 1176, 1120, 1078, 972, 832 5, 158.9, 140.2, 134.6, 133.7, 130.6, 129.1, 128.6, 127.9, 116.7, 114.6, 113.6, 78.9, 70.7, 70.1, 69.4, 55.2, 43.7, 40.2, 38.6, 29.6, 25.7, 18.0, -4.4, -5. (4R,5E,9E,12R)-4-(tert-butyldimethylsilyloxy)-8-(4-methoxybenzyloxy)-12-methyloxacyclododeca-5,9-dien-2-one (23) : To a stirred solution of Hoveyda-Grubbs second generation catalyst (57 mg, 0.092 mmol) in 160 mL of anhydrous toluene under argon atmosphere at 90 o C was added a solution of ester 2 (300 mg, 0.61 mmol) in anhydrous toluene during 10 min. The mixture was stirred under reflux for 24 h and then the solvent was removed in vacuo. The resulting residue was purified by CC (10% EtOAc/n-hexane) to afford compound 23 (210 mg, 75% yield) as a liquid. 0, 159.0, 135.5, 135.3, 131.3, 129.3, 129.1, 127.8, 113.7, 79.0, 72.1, 69.5, 68.1, 55.2, 44.9, 40.7, 38.4, 29.6, 25.7, 20.8, -4.3, -4 159.0, 135.8, 135.3, 131.4, 129.3, 128.6, 127.8, 113.7, 79.0, 72.1, 67.4, 68.1, 55.2, 44.9, 38.4, 37.6, 29.6, 25.7, 20.8, -4.3, -4 (4R,5E,9E,12R)-4-(tert-Butyldimethylsilyloxy)-8-hydroxy-12methyloxacyclododeca-5,9-dien-2-one (24) : To a stirred solution of compound 23 (150 mg, 0.65 mmol) in CH 2 Cl 2 /H 2 O (19:1) (10 mL) was added DDQ (148 mg, 0.65 mmol) at 0 o C. The reaction mixture was allowed to stir at room temperature for 1 h, and quenched with sat. NaHCO 3 solution (5 mL) and extracted with CH 2 Cl 2 (2x10mL). The combined organic layers were washed with water (10 mL) and brine solution (10 mL), dried over Na 2 SO 4 , and concentrated in vacuo. The resulting residue was purified by CC (13% EtOAc/nhexane) to afford the alcohol 24 (90 mg, 84% yield) as a liquid.
[α] D 25 : +42.0 (c 0.45, CHCl 3 ). IR (KBr): 3462, 2925, 2851, 1728, 1455, 1373, 1236, 1117, 1070 , 1025 cm -1 . 1 H NMR (300 MHz, CDCl 3 ): δ 5.45-5.01 (4H, m, CHCH, CHCH), 4.78-4.66 (1H, m, CHOSi), 4.54-4.25 (1H, m, CHOCO), 3.70-3.60 (1H, m, CHOH), 2.62-2.52 (2H, m, CH 2 CHOSi), 2.43-2.28 (2H, m, CH 2 CHO), 2.24-2.00 (2H, m, CH 2 CHOH ), 1.25 (3H, d, J = 6.7 Hz, CH 3 CHO), 0.89 (9H, s, (CH 3 ) 3 CSiO), 0.05 (3H, s, (CH 3 ) 2 SiO), 0.03 (3H, s, (CH 3 ) 2 SiO). 13 C NMR (75 MHz, CDCl 3 ): δ 170.2, 135. 1, 131.5, 127.0, 113.8, 72.0, 69.7, 68.0, 45.0, 40.5, 38.0, 30.0, 25.2, 20.1, : m/z= 363 [M+Na] + . (4R,5E,9E,12R)-4-(tert-Butyldimethylsilyloxy)-12-methyloxacyclododeca-5,9-diene-2,8-dione (25) : To a stirred solution of compound 24 (60 mg, 0.17 mmol) in CH 2 Cl 2 (10 mL) Dess Martin periodinate (108 mg, 0.25 mmol) was added at 0 o C. The reaction mixture was allowed to stir at room temperature for 1 h and quenched with sat. NaHCO 3 solution (3 mL) and extracted with CH 2 Cl 2 (2x5mL). The combined organic layers were washed with water (5 mL) and brine solution (5 mL), dried over Na 2 SO 4 , and concentrated in vacuo.The resulting residue was purified by CC (10% EtOAc/n-hexane) to afford compound 25 (50 mg, 85% yield) as a liquid.
